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NATIONALADVISORYCOMMU?IEEFORAERONAUTICS
TECHNICALNOTE4209
EXHZRIMENTALTHERMALCONDUCTIVITIZSOF TEEN204*2N02SYSTEM
By KennethP.CoffinandClevelandO‘Neal,Jr.
SUMMARY
Thethermalconductivityofreactingassystemshasbeentreated
theoreticallyby variousinvestigators;butreliable,directmeasurements
ofthethermalconductivityofreactingsystemsforwhichsatisfactory
calculationscanbe madearenotavailable.Thisinvestigationwasde-
signedto supplytheneededdata.
ThethermalconductivityoftheN204#2N02 systemwasmeasuredly
a hot-wiretechniqueat temperaturesbetween20°and215°C andpressures
from1/3to 1 atmosphere;approximatevalueswereobtainedatpressures
as lowas0.02atmospherefrom20°to80°C. Theexperimentalvalues
fortheequilibriumsystemwerefoundtobe asmuchas ninetimesthose
computedfortheequivalentnonreactingsystem.
Excellentagreementwasobtainedbetweentheexperimentalvalues
fortheequilibriumthermalconductivityoftheN204*2N02 systemand
thecalculatedvalues.Minordiscrepanciesdidoccur,andexplanations
forthesesresuggested.
INTRODUCTION
Theproblemsofheattransferinchemicallyreactingaseshavebe-
comeincreasinglyimportant;dissociatinggassystemsexistintheexhaust
nozzlesof jetenginesandwithintheboundarylayeronhypersonicair-
craft.References1 and2 considerheattransferinsuchsystemsand,in
thisrespect,thethermalconductivityofreactingasmixturesisquite
important.Inthisreport,thethermalconductivityisconsideredto
includetheeffectsofthechemicalenthalpyassociatedwiththedissocia-
tionaswellas theinternalenergynormallyassociatedwithanEucken-
typecorrection.
Interestinthethermalconductivityofdissociatinggasesisnot
new. Theproblemwastreatedtheoreticallysoonaftertheturnofthe
century(ref.3)a~dagainatthequarter-centurymark(ref.4). Recently,
thesubjecthasbee?i’developedfurtherto includegeneralgaseousreactions
—
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(refs.5 and6). Suchpapersconcludethatthethermalconducti.vities b
ofdissociattiggases[aspecialcaseofreactingases)inchemical
equilibriumshouldbe anorderofmagnitudegreaterthanintheequivalent
“frozen”mixture.
4–
Specifically,reference6 considerstheN204#2N02andthe(ElF)6#6BF z
Esystems;thetheoreticalexpressionswereusedto computevaluesthatwere
comparedwiththeexistingdata.Forthe(3F)6*6BF system,thedataof
reference7 areIngoodagreementwiththecalculatedvalues; however,the
exactnatureofthedissociationisnotclear,andtheestimationofthe
forceconstantsforthecalculationisratheruncertain.Forthe
N204# 2N02system,thevaluesofconductivitywerededuced(ref.3)from
heat-trsnsfermeasurements(refs.8 and9)andsupportedthetheoryonly
qualitatively.
Becauseof thegeneralinterestin,aidthesignificanceof,the
applicationsofthetheory,directmeasurementsofthethermalconductivity ‘-
oftheN204~ 2N02systemhavebeenmade. By usinga hot-wiretechnique,
relativevaluesofthermalconductivitywereobtainedfromroomtemper-
ature(20°C) to2150C overa pressurera~geof113to 1 atmosphere.
Someadditionalvalueswereobtainedatpressuresas lowas0.02atmos- 6
phereinthetemperatureange20°to80°C. Thermalconductivityis
independentofpressureina nonreactingsystem;however,inthedis-
sociatingsystemtheeffectofpressureisa changeincomposition,which .
resultsina pressuredependenceh theconductivityofthesystem.
Calculatedvaluesofthefrozenande@ilibriumthermalconductivities
arepresentedforthetemperatureandpressurerangescoveredby theex-
periments.Thesecomputedvaluesarecompatieiiw ththeexperimental
Valuesj to someextent heagreementiscontrolledby theselectionof
theforceconstantsforthecalculations.Explanationsareproposedfor
minordeviations.
APPARATUSANDPROCEDURE
Apparatus
Thermalconductivitycells.- Thevariousdesignsofhot-wirethermal
conductivitycellshavebeendiscussedwidely(refs.10”to13). The —
designusedinthisinvestigationisshowrinfigure1. Thesignificant
featuresarethephysicalcharacteristicsofthecellsandthehigh
—
degreeofsymmetrythroughouttheconstruction.Allotherdimensions
anddesignfeaturesarearbitraryand,inprinciple,donotaffectthe
performanceofthedevice.
.
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A stainless-steelMock, 7 by ~ by 2 inches,containsfourcells
symmetricallylocatedforuniformityincell-walltemperature.Atboth
endsofeachpairofcellsarecaps~ incheshighand~ inchesindiam-
eter;theyaresealedtotheblockwithstainlesssteelO-rings.The
longleadstotheexteriorare0.020-inchplatinumwiresintwo-hole
aluminatubingswagedin l/8-inchstainless-steeltubing.Theleads>
aswellasthe3/8-inchgasinlets,areheldto thecapsby torqueless
“Swagelok”fittings.Thegasinlets,oneforeachpairof cells,lead
toboththetopandbottomcaps.
The0.005-inch-diameterplatinumfilamentsarealinedinthe2-inch-
long,3/16-inch-diametercellsby sapphirewatchjewels;thejewelsare
mountedinsmallplatesclosingeachendofthecell(thebottomjewel
platesareperforatedforpurgingthecells;thetopjewelplatesare
solidtopreventconvectionintotheuppercaps).Thewireitselfis
suspendedby theweldbeadabovetheupperJewel; it iskepttautby a
smallweightinthelowercapandby springtensioninthebottomleads.
Withinthecapsthewireleadsabovetheweldattheupperjeweland
belowtheweldjustunderthelowerjewelarenota partofthefilament
electrically,butarea partoftheetiernaleadresistance.
Electricircuits.- Thefollowingisa simplifiedschematicdrawing
oftheinstmment:
,mer --l%;
supply
Test
cell Ref.cell Recorder
Thetwopairsof cellstonepair,referenceonepairjtest)werecon-
nectedastheelementsofa Wheatstonebridgeinanarrangement(ref.14)
minimizingtheeffectoftherelativelylargeleadresistances.Theuse
ofpairsof cells,ratherthansinglecells,doublesthesensitivityof
theinstrumentandproducesonlya slightincreaseincomplexity.A
powersupplyfurnisheda well-regulatedandmonitored0.5-amperecurrent
tothebridge.ThebridgeoutputwasrecordedontheX-axisofanX-Y
recorder.
Oilbathandvacuumsystem.- Theentirecellandcapassemblywas
immersedina well-stirred,8-gallon,mineral-ofibath. Thebathwas
—
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heavilyinsulatedandfittedwitha temperaturegulatorandfive1250-
wattheatersforrapidheating.A coppercoolingcoilwasincludedto
permitrapidcoolingortheintroductionfa smallheatleak.A thermo-
coupleatthecenteroftheblockindicatedtemperatureontheY-axisof
therecorder.
Theupperendsofthetwogas-inlettubeswerebuttedto glasstubing
andclosedwithshortpiecesofTygontubing(exposedarealessthan1/8
sq in.).Theglasstubingwassealedintoa vacuumsystem(withan effi-
cientmechanicalpump),permittingindependentcontrolofthegasin
eitherpairof cells.Underheatingconditions,gaspressureinthe
testcellswasmaintainedconstantat 1 atmosphereby a mercurybubbler
andatreducedpressuresby a Cartesianmanostat.Gaspressureswere
measuredwithabsolutemercurymanometers(regularlycalibratedagainst
a barometerto correctforcontaminationby reactionproducts).
Gases.- CommercialN204waspurified-bydistillationi thevacu-m
system.BeforeeachruntheN204wastreatedwithan excessofoxygen
toremovetracesof impurity(possiblyresultingfromcontactwith
mercuryduringthepreviousrun);residualoxygenwaspumpedoffthe
N204froma dryice- acetonebath.
Othergaseswereusedforcalihatingtheinstrument.Theneonob-
tainedwasreagentgrade(=-99.5%),whilehelium(>99.99%),argon(>99.99%),
v
l
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andoil-pumpednitr~gen
Ingeneral,warmup
(>99.5%)”werestock
Procedure
timesof45minutes
items.
wereallowedforallthe
electricalequipment,includingthewiresiuthecellse.srerytimethey
wereshutof~.‘ThetemperaturescaleoftheY-axisof this-particular
recorderwassetby a thermocoupleingoodthermalcontactwitha thermom-
eter.Thereferencecellswerefilledwithnitrogento equal1 atmosphere
at 215°C andwereleftundisturbed.Forthecalibratinggases,thetest
cellswerepurgedrepeatedlyto changegasfforN204)thetestcellswere
evacuatedthoroughly,andN204wasintroducedovercoldfilaments“without
purging.Theheatedfilamentswereexposedonlytopartialvacum”(2mm)
becauseofthepossibilityofburning.outt~ethinwires.Thecells
werefilledrapidly,andno subsequentflowof gasintothecellsoc-
curreduringanyrunj inthecaseofN204,thisproceduredecreasedthe
chanceof contaminationofthegasinthecellsby productsofpossible
reactionswithmercury>Tygon,andstopcock.grease. .
Varyingtemperature.- Inorderto scanthermalconductivityasa w
functionoftemperature,thebathwasbroughtoroomtemperature,and
theblock-wasperiidttedtoreachequllibriti”iA gaswasintroducedinto
.
N4CATN 4209
thetestcells,and
wereturnedon,and
a pressurerisedue
5
anyremainingwarmuptimewascompleted.Allheaters
eitherthebubblerorthemanostatwasusedtoavoid
to gasexpansioninthetestcells.A timeof62
minuteswasrequiredtoraisethetemperatureat thecenteroftheblock
from21°to210°C. Duringsucha run,periodichecksandminoradjust-
ments(ifrequired)weremadeonthebridgecurrentandonthestandardi.
zationoftherecorder.
Constantemperature.- Toeliminatecertainerraticlow-temperature
resultsattributedto initialtransientgradientsintheblock,aswell
astoverifythefunctioningoftheinstrument,a seriesofrunswasmade
at constantemperature.Thebathandblockwerebroughtothedesired
temperature,anda smallheaterwasadjustedto compensatefortheheat
leak(aslightbutsteadytemperaturedriftwasapparentlylessdisturbing
totheinstrumentthana cyclicalvariationimposedbya regulator).The
N204wasintroducedandwarmupwascompleted.Thena seriesof instrument
readingswasmadeduringa stepwisereductionofthepressure.Immediately
thereafter,withoutcoolingthefilaments,thecellswerepurgedwith
heliumandnitrogen;l-atmospherecalibrationpointswereobtainedfor
bothgases.Allreadingsfora runwerecompletedinabout20minutes.
REDUCTIONOFDATA
TheoryofCalibration
Theinstrumentwascalibratedby measuringthethermalconductivities
of severalgasescoveringtheexperimentalrange.Thiscalibrationis
bestunderstoodbyconsideringthetheoreticalrelationbetweenthe
instrumentreadingandthethermalconductivity.Verysimply,this
instrumentisa Wheatstonebridgethatcomparestheresistances(tempera-
tures)oftwopairsof electricallyheatedwires,oneinthetestgas
andoneinthereferencegas. Foridenticalcells,thetemperatureise
ofeachwirerelativetothetemperatureoftheblockisapproximately
inverselyproportionalto thethermalconductivityofthegas(ref.10,
p. 11). Withgasofthermalconductivitykr asreferencegas,andgas
ofconductivity~ as testgas,thewiresattaintemperaturesl&+ a~~
and ~ + a/At,respectively,where ~ isthe
and a isa constantinvolvingthegeometryof
dissipatedby thewire. Therefore,ina bridge
outputof theinstrumentisproportionalto the
differenceb tweenthepairsofwires.
temperatureoftheblock
thecellsandthepower
circuit,thepotential
temperature(resistance)
(1)
where Xt isthereadinginmillivoltsontheX-axisoftherecorderand
B i8a correctionforanyinherentunbalanceofthebridge.
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Inparticular,ifthetestcellsandthereferencecellscontain
thesamegas,
Xr ()‘a*- k+B=B (2)
Moreover,becausethethermalconductivitiesofnonreactinggaseshave
similardependenceupontemperature,
~ g constant+ B (3)
forthegas t inthetestcellsrelativetoa fixedreferencegas r.
ShouldB be temperatured pendentforanyreason,therelation
Xt - Xr g constant
whichfollowsfromequations(2)and
therecordedcurvesofbridgeoutput
lyparallelfornonreactinggases.
+B - B = constant
(3),shouldremainvalid.
againstemperatureshould
(4)
Therefore,
be essential-
Further,ifthegasinthereferencecellsremainsunchanged(Xr=
constant),itisnotnecessaryevento knowtheidentityofthereference
gas(inthiscase,actuallynitrogen);andequation(1)assumesthe
straight-lineform
Xt=A+&
%
(5)
At a specifiedtemperature,a plotof Xt &gainstl/?Ltforgasesof
knownthermalconductivityshouldproduce=-straight-linecalibration
curve.Thiscalibrationcurvemay-
conductivityofanunknowiigas.
ExperimentalTracesand
Figure
temperature
essentially
ofequation
temperature
curve. The
2 showsa facsimileof
thenbe usedto determinethethermal
SampleCalibrationCurves
thetracesobtaineduringvarying-
—
uns.The-tracesforhelium,rieon,nitro”geri,andargonare
—
parallel;thiscorrespondsto thecondition_Xt- Xr g constant
(4). Thisparallel”conditionapplieseveninthelow-
gion,wherea pronouncedhookappearsatthebottomofeach
generalappearanceoftheN204* 2N02traceisquitedistinctive.
A familyof calibrationcurves uchasthoseindicatedbyequation(5)
appearsinfigure3. Inthefigure,valuesof X havebeenadjustedby
anarbitraryconstantat eachtemperatureto preventhelinesfrom
—
*
.
.—
—
.
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superimposing.Thecalibrationlinesareindeedstraightwiththeexcep-
tionof thepointsforargon.Thisdeviationfromstraightness,when
w expressedintermsof thethermalconductivityofargon,iswithinthe
experimentalerror.Thevaluesofthermalconductivityusedforthe
calibratinggaseswereobtainedfromsmoothplotsof k againstT.
Theplotsforhelium,neon,andargonweremadefromthedataofrefer-
ence15,page573;fornitrogentheexperimentalvaluesreportedin
reference16wereused.
Thesystemof calibrationdescribedshouldeliminatebothphysical
andelectricaleffectsproducedby conditionsoutsidethecells,aswell
asmanyminoreffectswithinthecells.Thenotablexceptionisthe
possibilityofnonreproducibletemperaturegradientswithintheblock;
inthisrespect,thesymnetryofthecellarrangementandthereproducibil-
ityoftheheatingratearesignificant.Thecalibrationcurveshown
infigure3 wereobtainedby averaging,foreachofthefourgases,two
entirelyseparatetracessuchas thoseshowninfigure2. Thedifferences
betweenduplicatetraceswerenormallylessthan0.05millivoltandwere
frequentlyno morethan0.01millivolt,whichrepresentstheprecision
ofanysinglereading(full-scaler ading,O to 10rev);suchrandomdis-
crepancieswouldhavelittle ffecton thecalibrationcurves.The
* generalprecisionofthecalibrationwassuchthat,inworksubsequentto
theoriginaldetailedcalibrationi dicatedhere,neonwasomittedas a
calibratinggas,andsingletraceswereused. As indicatedunderthe
. constant-temperatureprocedure,calibrationpointsweretakenforhelium
andnitrogenonly;thesepointswereusedtoconstructcalibrationcurves
inpreciselythesameway. Thesepointswerealsosubjectedtoan addi-
tionaltestwhichrequiredthattheyconformtoa smoothplotof X against
T constructedfromthepointsforallconstant-temperaturer ns.
Althoughthetracesindicatedinfigure2 producedsatisfactory
calibrationcurves,thethermal-conductivityda afrcmthevarying-
temperatureunscontainedminorerraticfeaturesinthetemperature
regionbelow60°C. Thesefeatures,togetherwiththeratherdisturbing
andentirelyunpredictedhooksatthebottomof thetraces,causedsome
concernaboutthevalidityofresultsfromthenonlinearportionsofthe
traces.Thenonlinearityisreadilyattributableto transientgradients
occurringwithintheblockwhilesteady-stategradientsarebeingestablished
betweenthebathandblockandwithintheblock.Forthisreason,the
constant-temperaturer nsweremade(asanalternativetoreducingthe
initialtemperatureofthevarying-temperaturer nswellbelowroom
temperature)andhavebeenusedinthetemperatureangebelow60°C in
placeoftheresultsobtainedfromthedashed-linetracesinfigure2.
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TemperatureCorrections c
A temperaturecorrectionwasrequiredforvarying-temperaturer ns
becausethethermocoupleusedtomeasurethetemperatureoftheblock
waslocatedatthecenteroftheblock.Obviously,inthecaseofvarying-
temperatureuns,thetemperatureat thethermocouplewasbelowthatof
thecellwalls.To determinethiscorrection,a circuitwasarrangedto
usethefilamentsasresistancethermometers.Then,withhelium(high
thermalc-onductivity)inthecells,a simulatedvarying-tem~raturerun
wasmadetomeasurefilamentresistanceasa functionofthermocouple
temperature.Startingfromequilibrium,thefilamentsheatedmorerapidly
thantheothermocoupleandfinallyreacheda steady-s~atedifferenceof
about~ C at andabove50°C. Accordingly,the~ C correctionhas
beenappliedtothedataofvarying-temperaturer nsreportedherein.
Themagnitudeofthetemperaturegradientbetweenthewireandthe
cellwallisofparticularsignificanceb causeofthestrongdependence
oftheequilibriumontemperature.Fromthecharacteristicsofthecells
andthewattageproducedby the0.5-amperecurrent,a roughcalculation
indicatesthatXAT isapproximately63X10-5caloriespercentimeterper
secondwhereAT isthetemperaturedifferenceb tweenthewireandthe
cellwall. Thismeansthat AT islessthan2°C forthelargestvalues
of k observedandas largeas8°C forthesmallestvalues.Thetem-
peraturesreportedherearecell-walltemperatures.
—
*
.
Oneofthe
ofexperimental
RESULTSANDDISCUSSION
Calculations
majorobjectivesofthisinvestigationwastheobtaining
datato verifythepredictedincreaseofthermalconduc-
tivityina dissociating(reacting)-system~Therefore,thedetailsof
predictingthethermalconductivityaresignificant.Theequationforthe
equilibriumthermalconductivityXe appearsinreference6:
DP&12 ‘1X2
~e.xf+~— ‘kf+kR
RT2 (1+X1)2
(6)
whereAf isthe“frozen”conductivity(conductivityofa systemofequili-
briumcompositionnotundergoinganyreaction,thatis,witha reaction
rateequalto zero),and ~ isthecontributiontothethermalconduc-
tivityduetothechemicalreaction(assumingreactionratessufficiently
fasttomaintainlocalequilibrium),D isthebinarydiffusioncoefficient .-_
l
F(ACATN
.
forthe
ture,R
l heatOr
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mixture,P istheabsolutepressure,T istheabsolutetempera-
istheuniversalgasconstantinappropriateunits,AH isthe
reaction,and xl and x2 arethemolefractionsoftheundis-
sociatedanddissociatedmaterials,respectively.Thefrozenconductivity
‘f hasbeencalculatedaccordingtothemixturerulesofreference15and
incorporatestheformoftheEuckencorrectionappearinginreference17;
—
D ha=beencalculatedaccordingtoreference15.
a and G/k aregiveninthefollowingtable:
I 1 I
I
N204 4.74 383
N02 3.90 230
N204- N024.32 297
Theselectionoftheforceconstantsisdiscussed
Theforceconstants
inreference18. The
heatof reactionandtheequilibriumconstants(forcalculatingxl and
X2)werethoseusedinreference6.
ThecalculationswereperformedbyIBMtechniquesat 10°intervals
overthetemperatureange290°to 490°K forpressuresofl.0~0.74j0.5,
0.33,and0.2atmosphereandovertherange290°to 420°Kfor 0.1,0.05,
and0.02atmosphere.Valuesofthermalconductivitiesfortemperatures
otherthanthosecomputedby machinewereobtainedby interpolatingXf
and(DP/RT)(@/RT2),bothslowlyvaryingfunctionsof T obtainedfrom
themachinecomputation,andby computingxl and x2 fortheappropriate
P and T. TheresultsofthecalculationappearintableI. —
It shouldbe emphasizedthatthedetailedagreementbetweentheoretical
curvesandtheexperimentaldataiscontrolledto someextentby theselec-
tionoftheforceconstantsandthethermodynamicquantitiesincorporated
inthecalculations.
Thesignificantdependenceofthesecalculationsontheassumed
quantitiesisof interestwithrespectothepossibilityof changesin
thevaluesofthefollowingquantities:
(1]Moleculardiametera: he = ~ providedtheratiO aN204/uN02
aN02
iskeptconstant;thissffectsthemagnitudeof Xe.
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I l(Z)EquilibriumconstantK: (k=. DPAH2 X1X2 = F(K,P)~f) m~-= (1+X1)2 u
because~ isonlyslightlydependent
lyaffectsthetemperatureatwhichthe
givenpressure.
upon xl and X2;thisprincipal-
maximumvalueof Ae occursat
S/k is equivalent(3]Forceconstantc/k: Changing
by a slowlyvaryingfunctionof T,whichisnearunityfor
ithassomeeffectonboththemagnitudeandtemperatureof
valueof Ae.
ComparisonofCalculationa dExperiment
lr-$
04
tomultiplying
smallchanges;
themaximum
Figure4 showsdatafromtypicalconstant-temperaturer ns.Each
runiscomparedwiththetheoreticalcurvecorrespondingto theexperi-
mentaltemperature.Thedatamuchbelow1/3atmospherearenotconsidered
reliablebecauseofpossibleaccommodationeffectsandthepressurede-
pendenceoftheinstrumentobservedwithcalibratinggasesbelow1/3
atmosphere;thesedataareincludedonlybecauseofpossibleinterestin
theabsenceofmoresatisfactorydata. —
Figure5 presentsthethermalconductivityas a functionoftempera- “
tureforpressuresof1.0,0.74,and 0.33 atmosphere.Thesolidline
representstheequilibriumthermalconductivitycomputedas describedat
thebeginningofthissection;thedashedlinerepresentsthecorresponding
frozenconductivity.Themaximumvaluesof theexperimentalconductivities
arean orderofmagnitudegreaterthanthosecalculatedforthefr~zeu
condition.Thedataobtainedinthetemperatureangeof20°to 60°C
by thevarying-temperaturemethodhavebeenreplaced%y pointstakenfrom
theconstant-temperaturec ves.As discussedintheREDUCTIONOFDATA
section,thedataeliminatedwerebelievedtobe lessreliablebecause
ofthepresenceoftransientgradients.Inthetemperatureange60°to
80°C,bothtypesof dataareirlcludedinOrderto indicatethegeneral
agreementobtainedby thetwomethods.
Theonlyma~ordiscrepancywithinthedataappearsinthe0.74-
atmospherecurveat 60°and65°C (fig.5(b));indeed,itwasto someex-
tentthepeculiarityofthe0.74-atmosphereresultsthatpromptedtheuse
oftheconstant-temperaturemethod.Becausetheconstant-temperature
resultsprovedsatisfactory,theextentof experimentaldeficienciesin
the20°to 60°C range(thetransientrange)ofthevarying-temperature
methodwasneverestablished. .—
.
.
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On thel-atmospherecurve(fig.5(a)),thevarying-temperature
pointsmarkedfirstseriesresultedfromN204* 2N02runsmadeincomec-
tionwiththecarefulcalibrationdescribedintheREDUCTIONOFDATA
section.Thesecondseriesat 1 atmosphere,aswellasthedataat0.74
and0.33atmosphere,wasobtainedlater.Therelativelygoodagreement
ofthetwoentirelydifferentvarying-temperaturer ns(ticludingdif-
ferentcalibrationcurves)tendsto supporthevalidityofthevarying-
temperaturem thod,includingthecalibrationprocedure.
Themaximumsofthedatainfigure5 agreequitewellwiththecalcu-
lation.Whilethereareminorvariationsinthemaximumvaluesofthe
equilibriumthermalconductivity(whichwillbe discussedindetail),the
positionsofthepeaks,temperature-wise,arein excellentagreementwith
theory,withonlya minordeviationonthe0.33-atmospherecurve.The
over-allagreementinfigure5 betweentheexperimentaldataandthe
calculatedc~ves constitutessentialverificationfthetheory.
Nonetheless,therearea fewpointsofdiscrepancybetweentheexperimental
resultsandthecalculatedcurvesthatappearto exceedtheexperimental
precisionoftheresults.
DeviationsBetweenCalculationa dExperiment
At theupperendoftheexperimentalrange,beginningaboveperhaps
150°C, N02beginsto dissociateanda secondandevenlargermaximum
mightbe expectedatabout375°C. Experimentally,onlytheslightest
suggestionofa distinctincreasein Le relativeto thecomputedvalues
of ~ exists.Clearly,thecalculatedcurvesdonotincludea contribu-
tionfortheN02dissociation,buttheeffectshouldappearexperimentally.
Thelogicalconclusionisthatthereactionratesforthedissociationf
N02aretooslowtobe detectedby theinstrument;hatis,inthe3/16-
inchcellsthediffusionrateislargecomparedwiththeratesof reaction.
Inthetemperaturegionabove175°C,themeasuredthermalconductivity
isthatofnearlycompletelydissociatedN204,apparentlywithouthe
beginningofthedissociationfN02intoNO and02. Thereis,therefore,
a possibilityhat,becausetheexperimentaldatahavevaluesslightly
greaterthanthevaluescalculated,theforceconstantsforN02shouldbe
-.
modified.However,untilthedissociationfN02isshowntobe completely
absent,anyattempto obtainforceconstantsfromthesedataontheas-
sumptionofpureN02isunwarranted.
Inthetemperaturegionsnearroomtemperature,particularlyon
the1.00-and0.74-atmospherecurves(figs.5(a)and(b),respectively)
theexperimentalvaluesof Xe aresomewhathigherthanthecomputedvalues.
ThedewpointsofN204at 1.0,0.74,and0.33atmosphereareapproximately
.
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21.00>14.7*,and-1.OOC, respectively.
*
Thepossibilityexiststhat
thesedeparturesmaybe causedlygasimperfectionsarisingundercondi-
tionsof incipientcondensation. <
Finally,intherelativeconductivitiesthereisa definitetrend
withpressurebetweentheexperimentalndcalculatedvaluesofthe %
maximumof ~ infigure5 (thatis,for1.0atm,exp.s CdC.j for0.74 H
atm,exp.s talc.;and,for0.33atm,exp.<talc.). In consideringthe
calculation,becauseAf isnearlyconstantovertherangeoftemperature
andpressureinvolved,anyvariationof Xe mustbe attributedto XR.
Further,becausethefactorxlx2/(1+ X1)2 isconstant(0.125)at the
maximumvalue,thevariationofthemaximumvalueof ~ withtemperature
andpressuremustbe duetothefactor(DP/RT)@H2/RT2).Becausethe
quantityDP isindependentofpressure,theapparentpressuredependence
of AR isdue,intheory,tothetemperaturedependenceof (DP/RT)=
(AH2/RT2),whichisaboutT-l-l inthetemperaturemge of40°to 60°C.
However;inthecaseoftheconstant-temperaturec vesoffigure4, .—
similarelativebehaviorofconductivitywithpressure(e-. s talc.at ._
1 atm;exp.C talc.at 0.33)isobservedfortheexperimentalndcalcu-
latedvalues. .
Thereisno experimentalevidencewhatever,inspiteofrepeated
checking,foranypressuredependenceoftheinstrumentinthecasesof .
thecalibratinggasesinthepressurerangeof1/3to 1.0atmosphere.
Further,attributingtheseeffectsforN204to gastiperfectionsdue to
condensationwouldappeardifficultbecausethetemperaturesofthepeaks
areconsiderablyabovethedewpoint;however,othergasimperfections
maybe present.Thepossibilityexiststhataccommodationeffectsare
appearingatunexpectedlyhighpressure.Theremayalsobe exceptional
convectioneffectsarisingfromtheunusuallyhighcoefficientofexpansion
forthereactingsystem.
Nonetheless,a measureof supportforthevalidityoftheexperimental
observationsinthismatterofdeviationwithpressureisfoundinan
examinationfthe(HF)6~ 6BFsystemreportedinreference7 andanalyzed
inreference6. Althoughnoparticularsignificancehasbeenattached
previouslytothedeviationsinthecaseof (Hl?)6hetWeencalculationa d
experiment,pressure-wisethedeviationshavea trendsimilarto those
observedinthisinvestigation.
SUMMARYOFRESULTS
Equilibriumvaluesofthethermalconductivityofthereacting
N204* 2N02systemhavebeenmeasuredovera temperatureange*f20*$0
w
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215°C atpressuresof 1.0,0.74,and0.33atmospherewitha hot-wireap-
paratuscalibratedwithinertgasesofknownconductivity.Thefollowing
* resultswereobtained:
m 1.At themaximum,equilibriumvaluesoftheN204* 2N02conductivityKY
% areninetimesthosepredictedforthefrozen(nonreacting)system.
2.EquilibriumvaluesoftheN204~ 2N02conductivitydeterminedex-
perimentallyareinexcellentagreementwithvaluescalculatedby using
experhnentalvaluesoftheequilibriumconstantandreasonableestimates
oftheforceconstants.
3.Thisinvestigation,togetherwiththetrendsobservedforthe
(HI?)~ # 6BFsystem,essentiallyconfirmsthetheoreticalpredictionsof
thethermalconductivityof dissociating(reacting)gasesinchemical
equilibrium.
.
.
LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,December3,1957
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